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ABSTRACT 

Some clinicians and some epidemiologists appear to be under the 
illusion that improvements in the techniques available for the 
diagnosis of internal diseases such as lung cancer have improved so 
much that autopsies are not necessary on the bodies of most people 
who die. Partly for this reason, partly for economic reasons and 
partly because clinicians fear litigation if autopsy shows that they 
treated patients for the wrong disease, autopsy rates have been 
falling in most developed countries. The object of the present 
review was to ascertain how much reliance can reasonably be put on 
clinical diagnoses made and death certificates completed in the 
absence of autopsy data. In the case of lung cancer, high rates of 
false positive and false negative diagnoses are universally 
prevalent, with biases influencing these rates, so that smokers are 
more likely to be appropriately investigated for lung cancer, and 
false negatives are commoner in non-smokers. 

All investigators who have compared clinical-based and 
autopsy-based death certificates have concluded that higher autopsy 
rates are necessary and the results of one study suggest that a high 
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autopsy rate in a hospital leads to improvements in the accuracy of 
clinical diagnoses. 

The extent to which diagnoses on death certificates that are 
dependent solely on clinical data are seriously inaccurate for 
internal diseases such as lung cancer, should engender caution in 
all who use mortality data to guide public health policies and to 
identify and quantify environmental risks to healths. 


Source: https://www.industrydocuments.ucsf.edu/docs/tyclOOOO 


8480229202 



-3- 


INDEX 


1. AUTOPSY DIAGNOSIS 

1.1 The procedure 

1.2 History of autopsy 

1.3 Autopsy rates and factors associated with them 

1.4 Accuracy of autopsy diagnoses 

1.5 National autopsy data available on computer 

2. CLINICAL DIAGNOSIS 

2.1 Measurement of agreement between clinical and autopsy diagnosis 

2.2 Classifying discrepancy between clinical and autopsy diagnosis 

2.3 Reasons for clinical misdiagnosis 

3. DIFFERENCES BETWEEN CLINICAL AND AUTOPSY DIAGNOSES 

3.1 Studies not specifically mentioning lung cancer 

3.2 Studies specifically mentioning lung cancer 

3.2.1 Before World War II 

3.2.2 Later studies 

4. DEATH CERTIFICATES 

4.1 Failure to register or certify deaths 

4.2 Reasons for errors in death certificates 

4.3 Variation in death certification practices 

4.4 Effect of errors in death certificate diagnosis on lung cancer 
trends 

4.5 Lung cancer as an underlying or contributory cause on death 
certificates 

5. DIFFERENCES BETWEEN AUTOPSY AND DEATH CERTIFICATE DIAGNOSES 

6. DIFFERENCES BETWEEN CLINICAL AND DEATH CERTIFICATE DIAGNOSES 

7. GENERAL CONCLUSIONS 

8. ACKNOWLEDGEMENTS 

9. REFERENCES 


Source: https://www.industrydocuments.ucsf.edu/docs/tyclOOOO 


2026220879 



-4- 


1 . 

1.1 The procedure 

According to the Oxford English Dictionary the word "autopsy" 
is defined as follows: "Seeing with one's own eyes, personal 
observation. Dissection of a dead body, so as to ascertain by actual 
inspection esp. the cause or seat of disease; post-mortem 
examination". 

McPhee and Bottles (1985) summarize the procedure as follows: 
"After examination for exterior abnormalities, including growths, 
wounds, and surgical scars, a surgical Incision is made to allow 
gross inspection of the internal organs. The brain and spinal cord 
are then removed. The removed organs are weighed, measured, and 
examined, and incisions are made in each to identify fine details. 
Next, tissue samples are obtained for light and electron microscopy, 
cultures, and toxicologic analysis. After autopsy, the skin 
incisions are sewn up and the body released to the mortuary for 
burial. Actual dissection takes two to four hours depending on 
whether the autopsy is total or limited, but the final report is 
often not finished for months. About three quarters of the 
autopsies performed in the United States are total." 

1.2 History of the autopsy 

McPhee and Bottles also summarize the history of the autopsy, 
the roots of which "can be traced back some 3,500 years to the 
Babylonians who attempted to foretell the future by examining the 
liver or entrails of sacrificed animals". "The general attitude of 
early Church leaders toward autopsy was unfavourable", but "when 
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Pope Alexander died suddenly In 1410, an autopsy was performed", and 
"Pope Sixtus IV issued a bill permitting autopsy by students at 
Padua and Bologna". "In 1679, Bonetus published a collection of more 
than 3,000 autopsy reports by some 450 physicians", and "in the 18th 
century Morgagni began to correlate clinical observations with 
autopsy findings". "In the late 19th century, Rokitansky is 
alleged to have performed 30,000 autopsies. However it was only at 
the very end of his career that the microscope became available. 
Virchow, 17 years younger, grew up with the microscope, and 
published a book on autopsy technique". "Early in the 20th century, 
many outstanding clinicians spent considerable time in the autopsy 
room" and "were frequently good pathologists". 

Notwithstanding, the acknowledged medical and scientific value 
of information obtainable at autopsy, the autopsy rate In the US 
fell dramatically from about 50 percent of deaths after World War II 
to a mere 15 percent in 1985. McFhee and Bottles (1985) listed 
seven reasons for this: 

(i) pathologists have many other responsibilities, 

(ii) autopsy is often relegated to the most junior members of 
pathology departments, 

(iii) clinicians are requesting fewer autopsies, some for fear of 
malpractice suits, 

(iv) the process of obtaining consent for autopsy is cumbersome, 

(v) family members are in emotional turmoil and do not perceive 
the value of autopsy. 
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(vi) hospital accreditation no longer requires a 20% autopsy rate, 
and 

(vii) autopsies are expensive and are generally not reimbursable. 

The last of these reasons accords with the fact that in the 

United Kingdom the National Health Service does not provide money 
for autopsies. 

Prutting (1967) referred to Mencken's definition of a judge as 
"a law student who grades his own papers", and states that "a 
similar view might be taken of the physician who fails to submit his 
diagnostic skills to that impartial grader, the autopsy". He notes 
that "the case for the autopsy rests solidly on the well-documented 
fact that antemortem diagnosis is frequently refuted, clarified, 
modified, or elaborated by postmortem examination. The case against 
the autopsy rests on shakier grounds, principally lay resistance and 
the lack of time by professional personnel to perform the autopsy". 

1.3 Autopsy rates and factors associated with them 

The WHO in their World Health Statistics Annual routinely 
provide "background information on mortality statistics" which 
includes information on the percentage of deaths for which an 
autopsy was performed. The latest data available are those for 
1991. Table 1 lists the 1991 overall autopsy rates for a number of 
countries, and breaks these down by age where possible. Of the 27 
countries, the highest rate is for Hungary (49%), the lowest for 
Japan (4%), with the median being 20%. For all countries where data 
are available, the lowest rates are in the oldest age group. 
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Pftta cited.by WHO on autopsy rates in 1991 

£ of deaths for which an autopsy was performed 


Country 

Total 

JJLM 

Py age 

45-64 

63± 

Hungary 

49 




Iceland 

38 




Sweden 

37 

76 

56 

36 

Finland 

36 

82 

52 

27 

Austria 

34 

47 

46 

31 

Denmark 

32 

30* 

27* 

17* 

USSR 

31 




Czechoslovakia 

29 




England & Wales 

26 

62 

36 

22 

New Zealand 

26 

71 

35 

18 

Bulgaria 

25 




East Germany 

25 

48 

34 

14 

Australia 

21 

70 

29 

12 

Canada 

20 

56 

29 

13 

Switzerland 

19 

35 

27 

16 

Singapore 

16 




Scotland 

15 

57 

24 

11 

Kuwait 

15 

48 

13 

3 

Norway 

14 




USA 

12 

15 

16 

5 

Northern Ireland 

11 

56 

17 

5 

Poland 

9 




West Germany 

8 




Netherlands 

8 

14 

11 

7 

Eire 

7 

13 

13 

4 

Malta 

6 

39 

9 

2 

Japan 

4 

8 

7 

3 

(* Age groups 35-54, 

55-70, 75+) 





Kennaway and Kennaway (1936) examined death certificates for 
all 8808 cases of lung cancer in males from England and Wales for 
the years 1921-32. A post mortem had been carried out for 25%, the 
rate rising from 13% in 1921-23 to 29% in 1930-32. The authors 
comment on the "high proportion of cases thought to have died of 
cancer of the lung ... now subjected to autopsy". For larynx cancer 
rates were only 6% over the whole period rising to 9% in 1930-32. 
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Beadenkopf e£ (1965) reviewed data relating to the deaths of 
15+ year olds in Albany County, New York during 1955-1959, and 
compared various demographic characteristics of all 12,930 decedents 
with those of 2574 who had died at Albany Medical Center Hospital, 
and with those of 1586 who had been autopsied. The likelihood that a 
person who died in the county had been hospitalized and autopsied 
decreased markedly with age,, particularly in females. After 
adjustment for age and sex, those autopsied were considerably less 
likely to be certified as having died of heart disease than other 
diseases, and to be Jews rather than Protestants. Negros, divorced 
persons, residents of small towns or villages, and native-born 
individuals were more likely to be autopsied than persons in other 
categories of race, marital status, place of residence and place of 
birth. 

Kunitz and Edland (1973) carried out a study of the autopsy 
rate in Monroe County, New York, based on deaths occurring during 
the period 1960-1970. The rate was shown to be higher in younger 
people, in males, and in blacks and for deaths occurring at the 
University Hospital. 

Guptill (1976) carried out a study of the social factors 
associated with permission for autopsies to be conducted in Michigan 
in 1965-66, interviewing the next of kin of 475 county residents 
aged 40 or over who had died in one of the 3 major hospitals in 
Washtenaw County. The older the patient, the lower the probability 
that permission for an autopsy would be requested and the lower the 
probability that permission would be granted if requested. Autopsies 
were only conducted in 45% of cases where the patient was 75+ as 
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ag&inst 76% where the patient was 65+* Permission to conduct an 
autopsy was more likely to occur if the next-of-kin was younger and 
a closer relative. 

Cameron (1981) deplored the low rate of autopsy in Scotland and 
suggested that it should be possible to arrange that autopsies be 
carried out on a sample - say 20% - of deaths in addition to those 
which would be asked for in any case. He noted that "some may 
contend that difficulty in obtaining permission will block any 
attempt to increase autopsy numbers. The evidence suggests 
otherwise: some clinical units achieve a 90% autopsy rate, while 
others in the same geographic area are apparently content with 5% to 
10%." Cameron stated that a greater use of the autopsy would "have 
no small effect on the accuracy of death certification and hospital 
statistics. Both are wildly inaccurate in Scotland." 

Based on 99,145 death certificates issued in New Jersey, USA, 
in 1979 and 1980, Ahronheim £t al (1983) demonstrated a striking 
age difference in the frequency with which autopsies were carried 
out. The peak (82.5%) occurred in the third decade of life and the 
nadir (2.4%) in the ninth and tenth decades. The trend was similar 
in both sexes, though at all ages men were more likely to undergo 
autopsies than women. The age-related decline was evident for all 
causes except those for which an autopsy was mandatory by law 
(homicide, suicide, transport accidents). 

McFarlane (1987) compared certain demographic features of 4122 
adult patients who died at the University of Kansas Medical Center 
and underwent autopsy with those of the remaining 3271 patients who 
died and did not undergo autopsy. He reported no "clinically 
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relevant" differences between autopsied and non-autopsled patients 
as regards age, sex, or race, although the large sample size did 
lead to some differences being statistically significant. Thus, the 
mean age of those undergoing necropsy was only 2 years younger, in 
each sex, than that of those not undergoing necropsy. The author 
concluded that his findings suggest that "a demographic bias does 
not distort necropsy population data compared with data of the 
population of hospital records". 

Declich et al (1991) studied factors associated with an autopsy 
being conducted in the Unita Socio-Sanitaria Locale area of Italy, 
where, during the period 1985-88, 3041 deaths occurred of which 321 
(10.6%) were autopsied. Factors associated with autopsy rate were 
death at a young age, short length of hospitalization, and death 
from a cardiovascular disease, but not sex. Deaths from neoplasms 
(6.1%) and from lung cancer (5.7%) were autopsied less often than 
average. 

A report by a Joint Working Party of the Royal Colleges of 
Pathologists, Physicians and Surgeons (1991) notes a progressive 
decline in autopsy rates throughout the world. It notes that "though 
religious objection is often cited as a cause ... few religions take 
a stand against autopsies". It also points out that though "it is 
often thought that families may suffer extra distress when an 
autopsy is reported", a study by McPhee ££ £l (1986) of the 
families of patients undergoing an autopsy had actually shown that 
88% considered they had benefited. Although there have been advances 
in diagnostic techniques they note that discrepancies between 
clinical and autopsy diagnosis have remained around the 10% level. 
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Costs are also an issue referred to. They cite a study by Nemetz £t 
ill (1987) noting that "the decline in the autopsy rate in the Mayo 
Clinic has been associated with the failure of the autopsy service 
to provide income to the Institution, even though it has been shown 
to play an advantageous role in quality control, cost containment 
and efficient allocation of resources". They recommend that "the 
autopsy service in hospitals must be adequately funded with a 
requirement to maintain fundings at a level to sustain effective 
clinical audit", and make a number of other recommendations 
concerning the performance and use of autopsies. These 
recommendations include sampling at a rate of "at least 10%" of 
general hospital deaths in which there is no perceived prior 
necessity to perform an autopsy. 

1.4 Accuracy of autopsy diagnosis 

Wilson (1966) has pointed out that "in justice and honesty it 
must be admitted that in a certain number of patients - about 20% - 
more or less mystery and confusion still prevailed after the 
post-mortem examinations". 

Jimenez et al (1975) reexamined all the available slides in 465 
male autopsy cases previously certified as bronchogenic carcinoma, 
the deaths occurring at the Brooklyn Veterans Hospital over the 
period 1964-73. In 152 cases the diagnosis was only established by 
partial autopsy or by needle biopsy, considered Insufficient to 
establish the lung as the primary site of origin. In 253 of the 
remaining 313, which had sufficient histologic material to permit 
complete microscopic examination, the diagnosis was confirmed. 
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Among the 60 cases erroneously diagnosed, there were 14 cases in 
which no evidence of malignancy was found at autopsy (the past 
history revealing there had been a previous resection), and 46 cases 
in which pulmonary metastases from other primary sites simulated 
bronchogenic carcinoma. 

Cameron (1991) noted that when he and his colleages completed 
their work in Edinburgh some years ago, revealing "dramatic 
differences between clinical diagnoses and findings at autopsy", 
there was a "deafening silence", with "virtually no reaction from 
either clinicians or pathologists". He cited, with evident horror, 
the reaction of a clinician when told of the "lamentable fall" in 
the autopsy rate, which was "I am sure this merely reflects the 
increase in diagnostic techniques that allow a definitive 
ante-mortem diagnosis to be accurately established, thus happily 
eliminating the need of necropsy " (Cameron's emphasis). He 
summarized data from a number of studies indicating considerable 
inaccuracy of clinical diagnosis, and criticized as incomprehensible 
a recent authoritative booklet called "Medical Audit" (Royal College 
of Physicians, 1989), because it "nowhere" suggested that "clinical 
diagnoses may be suspect or challengeable" and "nowhere" indicated 
that "the autopsy has any contribution to make". Cameron considered 
that "it is difficult to know how to penetrate this carapace of 
neglect and indifference". 

1.5 Rational au topsy, data available on comp u ter 

In 1959 the Japanese Pathological Society established a 
national autopsy registration system, data from which are published 
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every year as an annual. Urano &£ sX (1962) state that 
computerization of the autopsy data started in 1974, and describe 
the format by which the data are recorded. They also provide 
detailed tables shoving the age distribution of various diseases, 
the distribution of tumours by site and histological type, and the 
combinations of primary sites in double malignancies. The autopsy 
rate was noted to be only 3.9% over the period 1974-79 where data 
had been computerized. 

2. CLINICAL DI AGNO SIS 

2.1 Measurement of agreement between clinical and autopsy diagnosis 

Saracci (1991a,1991b) considered the interpretation of 2 x 2 
table for presence or absence of a disease at post mortem and 
clinically and presented arguments why sensitivity and specificity 
are indices that better monitor clinical diagnosis performance than 
are the agreement rate and the confirmation rate. He also pointed 
out that there is a need to have information on the likely size of 
errors in postmortem diagnosis. Specificity and sensitivity of 
clinical diagnosis compared to true diagnosis will not be accurately 
measured by comparing clinical diagnosis to post mortem diagnosis 
unless errors in post mortem diagnosis are very small indeed. 

2.2 Classifying discrepancy between clinical and autopsy diagnosis 

Anderson (1984) described a method for classifying a 
discrepancy between the clinical and autopsy diagnosis: 
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Class 1 was a discrepant major diagnosis with adverse impact on 
survival. 

Class 2 was a discrepant major diagnosis with equivocal impact on 

survival. 

Class 3 was a discrepant minor diagnosable disease that was not 
directly related to cause of death but either was asymptomatic and 
should have been treated or would have eventually affected 
prognosis, and 

Class 4 was a discrepant nondiagnosable minor disease of possible 
genetic or epidemiological importance. 


He also presented a table of 12 published autopsy studies listing 
substantial discrepancies (including only those with substantial 
impact on patient survival) varying between 4% and 18.7% (median 
9.6%). 


2.3 Reasons for clini cal misdiagnosis 

Onuigbo (1971) provides a useful summary paper emphasizing the 
difficulties of diagnosis of lung cancer in the 19th century (X-rays 
were not discovered by Roentgen until 1895). 51 papers dated before 
1900 are cited, including one in 1793! 

Rosenblatt et al (1966) studied 380 cases of extrathoracic 
carcinoma necropsied at the Doctor's Hospital, New York between 1945 
and 1964: 189 (49.7%) had pulmonary metastases, the most frequent 
being colon (39), breast (41) and pancreas (28). Of the 380 cases, 
97 (25.5%) had bronchial involvement, approximately 50% of the 
cases with metastases. A further 39 (10.3%) presented features 
compatible with the diagnosis of bronchogenic carcinoma, 
approximately 40% of the cases with bronchial involvement, and 14 of 
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these 39 cases were metastases of pancreatic carcinomas, with kidney 

carcinomas being next most frequent (6 cases). The authors conclude 

that "the simulation of bronchogenic carcinoma by metastatic tumours 

occurs with sufficient frequency to challenge the diagnostic 

accuracy of death certificates as bronchogenic carcinoma without 

necropsy exclusion of other primary sites"* 

Willis (1967) describes differing methods of diagnosing cancer 

with increasing likelihood of precision: 

Grade 1* Diagnosis by simple physical examination only. 

Grade 2. Diagnosis by physical examination supplemented by special 
methods. 

Grade 3. Diagnosis by histological examination of surgically removed 
tissues. 

Grade 4. Diagnosis by necropsy, (a) without histological 

confirmation, (b) with histological confirmation. 

For Grade 1 he notes the difficulty of diagnosing common 

internal tumours, and states that "the supposedly increased 

frequency of such tumours during recent years is undoubtedly due 

largely to increasing recognition by practitioners of the need for 

enlisting the aid of special methods of investigation in suspect 

cases", and that "the nature of the community greatly affects the 

accuracy of diagnosis". Although methods under Grade 2 fl such as 

X-ray, "greatly enhance the accuracy of diagnosis of many internal 

tumours" ... . "in the absence of pathological examination of excised 

tumours of or biopsy fragments, an important degree of diagnostic 

tumours still obtains". Histological examination of surgically 

removed tissues (Grade 3) may sometimes provide a "final and 

complete" diagnosis, but may often leave the site of the primary 

tumour undetermined. Any post-mortem examination without 

histological confirmation is considered incomplete by Willis. "Not 
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infrequently, microscopic examination surprises the clinician and 
pathologist by showing the falsity of the initial post-mortem 
diagnosis, even in cases where this appeared certain". He warns, 
however, that "not all histopathologists are of equal ability and 
experience, questionable diagnoses ... are far from rare". 

Feinstein and Wells (1974) carried out a study based on 654 
patients at Yale-New Haven and West Haven VA Hospitals during the 12 
year period 1953-1964 with a post-mortem diagnosis of lung cancer, 
of which 102 had not been diagnosed during life. The rate of 
non-diagnosis during life was found to be lower with increasing 
amount of smoking, ranging from 38% in non-smokers to 10% in smokers 
of more than 1 pack per day. The authors concluded that "the data 
suggested that the more patients smoked, the more likely they were 
to have their lung cancer detected during life". Based on those 
patients and also a further 677 patients not autopsied, they also 
reported that the "search rate" in ordering sputum Papanicolau 
("Pap") smears was higher the more the patient smoked, ranging from 
58% in non-smokers to 84% in smokers of more than 2 packs per day. 
The search rate was also noted to be higher in those with a cough, 
in men, and in more recent patients. 

Alderson £t (1983) in an editorial on death certification in 
the British Medical Journal notes that "many reports in Britain and 
overseas have shown that after necropsy the pathologist's opinion 
about the cause of death differs from that of the clinician in 
charge of the patient in a substantial proportion of cases. This 
divergence is much greater in the elderly, in whom multiple diseases 
are common, and especially when neoplasms or cardiovascular or 
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respiratory diseases were thought in life to have been responsible 
for the last illness." They also point out that "death may, 
however, have resulted from bronchial disturbances or from cardiac 
arrest or an arrhythmia which cannot be recognized at necropsy, and 
conversely structural disease evident to the pathologist may have no 
relevance to the fatal outcome. The less consultation there is 
between clinician and pathologist the wider will be their 
disagreement." 

Wells and Feinstein (1988) carried out a case-control study of 
men or women aged 25 or older attending Yale-New Haven Hospital. The 
385 cases had received a sputum Pap smear test during the period 
1977 to 1980. Controls were individually matched on age, admission 
diagnosis and date of admission but did not receive a sputum Pap 
smear test. Patients were not included as cases or controls if they 
had characteristics which rendered a sputum Pap smear test 
obligatory, unnecessary, or unproductive. The odds ratio for having 
a Pap smear test was 1.90 in men compared to women, 2.78 in those 
with a recent cough compared to those without one, 3.71 in those 
with a chronic cough compared to those without one, and 2.86 in 
those who had ever smoked compared to those who had never done so. 
All these differences were extremely highly statistically 
significant and largely independent of each other. The authors 
"suggest that women and non-smokers may be deprived of appropriate 
diagnosis and therapy" unless diagnosis of lung cancer is "guided 
mainly by radiographic findings and presenting manifestations" and 
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note that "detection bias has probably led to an excessively 
elevated magnitude for the cigarette smoking-lung cancer association 
and to a falsely low estimate of incidence rates in women". 

In an abstract. Wells and Feinstein (1992) describe results 
from a cohort of 1266 patients with primary lung cancer. They noted 
that median age showed an inverse monotonic gradient with smoking, 
ranging from 69 for nonsmokers down to 59 for smokers of more than 
two packs of cigarettes per day. In the localized lesions of TOM 
stage 1 this negative gradient persisted if suspicious clinical 
symptoms were absent, but vanished if they were present. Regardless 
of symptoms, the gradient was strengthened in metastatic TOM stages 
"where diverse sources might be considered for a primary, but where 
smoking might particularly suggest the lung". The authors conclude 
from this cohort, and also from two other smaller cohorts of 152 
and 178 patients, which showed similar results, that "detection 
bias plays a prominent, although often neglected, role in the 
work-up decisions that precede and lead to a diagnosis of lung 
cancer". 

3. DIFFERENCES BETWEEN CLINICAL AND AUTOPSY DIAGNOSES 

3.1 Studies not specifically mentioning lung cancer 

JAMA (1914) refers to a report based on a comparison of 
clinical and necropsy diagnoses made in New York by Oertel. Among 
388 cases, the clinical diagnoses were confirmed in 22.4% (87), the 
diagnoses were correct but the necropsies disclosed additional 
important lesions in 29.9% (116), the diagnoses were partially 
correct but the necropsies revealed other important lesions in 13.9% 
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(54), the clinical diagnoses were not confirmed in 27.6% (107), and 
in 6.2% (24) no clinical diagnosis was recorded. The report 
concluded that "too great reliance is placed on inexperienced house 
physicians and interns, and also that the current knowledge 
necessary to make clinical diagnoses which shall approach accuracy 
is insufficient". 

Karsner £t (1919) compared clinical and autopsy diagnosis of 
600 cases in two large hospitals in Cleveland, Ohio. In 50 (8%) of 
the cases there had been what were considered to be gross errors in 
the clinical diagnosis. The overall error rates, including also 
minor errors, were presented only by organ or part of the body. For 
lungs and pleura the chance of a correct diagnosis was noted to be 
only 38%. 

Cleland (1942) compared clinical and autopsy diagnosis for 2500 
deaths occurring at the Royal Adelaide Hospital over about a 20 year 
period. Of these 67.8% (1697) were considered "correctly diagnosed 
before death or at any rate reasonably so", 12.4% (310) were 
considered partly correct, 14.6% (362) were considered wrong and in 
5.2% (131) no diagnosis was made, or the cause of death still 
remained obscure after post-mortem examination. Cancer was 
correctly diagnosed clinically in 166 cases, though the site was 
wrongly inferred in 10. It was present but not diagnosed clinically 
in 27 cases, and was diagnosed or suspected but not present in 22. 

Gruver and Freis (1957) studied the clinical records of 1106 
patients autopsled over the period 1947-1953 at the Veterans 
Administration Hospital in Washington, DC, where the autopsy rate 
was 6.2%. After excluding cases where N a precise diagnosis was 
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impossible, e.g. metastatic carcinoma in which the primary site was 
incorrect" they reported that 64 (6%) were misdiagnosed. They noted 
that misdiagnoses were more common in June and July when the 
resident staff is changed and the students and other personnel are 
on vacation. 15 of the 64 misdiagnoses were neoplasms, of which 2 
were of the lung. 

Howell (1966) noted that diagnosis in geriatric medicine is 
notoriously difficult. In 40 nonagenarians In South London who came 
to autopsy, the cause of death was attributed correctly in only 
25%. In 35% the diagnosis was partially correct, but in the 
remaining 40% the fatal lesion was wrongly assigned. In 100 
octogenarians the clinical diagnosis was wrong in 50%. He draws 
attention to the number of diseases which show mental confusion as 
their chief presenting symptom, the frequency of multiple diseases, 
and the inability of old patients to give adequate medical 
histories. 

Wilson (1966) studied the clinical diagnosis in 265 patients at 
the Paddington General Hospital, London, who were autopsied in 1958. 
In 139 (52%) the clinical diagnosis was completely right, in 66 
(25%) it was wrong or missed, in 42 (16%) one diagnosis was right 
and another wrong or missed, and in 18 (7%) the clinical diagnosis 
was completely wrong. 

Holler and De Morgan (1970) compared clinical and post-mortem 
diagnosis In 200 autopsied patients at Highland Hospital, Rochester, 
New York. In 52% (104) there was 100% correlation between clinical 
and autopsy diagnoses. In 40% (80) the major diagnosis was right, 
but the autopsy either corrected minor diagnoses, discovered minor 
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diagnoses that chat been missed, confirmed diagnoses regarded as 
questionable clinically, or explained previously unexplained 
symptoms. In 8% (16) the major diagnosis had been missed. 

Marshall (1970) compared the clinical with the necropsy 
diagnosis for 1000 consecutive coroners' necropsies occurring in 
1966-1967 in Northern Ireland. A major diagnostic error has been 
■ade in 112 cases. No tabulations are given of errors by cause, 
though some major types of misdiagnosis are discussed. 

Burrows (1975) reviewed evidence from 252 adult inpatient 
autopsies occurring at Cooper Hospital, Camden, New Jersey in 1973. 
The major post-mortem findings were essentially the same as the 
clinical diagnoses in 222 (82.1%), although the autopsy clarified 
some aspects of the clinical diagnoses in 122 (48.4%). Malignant 
neoplasms were found in 113 patients. Of these 87 had been 
correctly diagnosed clinically, 13 were unsuspected clinically and 
iu the remaining 13 the primary site had remained unidentified or 
had been incorrectly identified clinically. 

Virkkunen e£ ill (1975) compared the underlying cause and mode 
of death determined in 600 consecutive cases by forensic physicians 
before and after medicolegal autopsy in Helsinki in 1967 and 1968. 
60 cases were misclassified before autopsy in regard of mode of 
death (using the five group category natural causes, accident, 
suicide, homicide and undetermined). The underlying cause of death 
was incorrectly diagnosed before autopsy in 29.5% (177). Six of 8 
malignant tumours were incorrectly diagnosed. 

Cameron et jiJL (1980) set out to determine whether increasing 
the necropsy rate produced a higher confirmation of clinical 
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diagnosis. Fifteen consultants from 6 units from hospitals in the 
Edinburgh area who had participated in a previous study in 1975-1977 
(Cameron and McGoogan, 1981a, 1981b, vide infra ) were asked to try 
to obtain permission for necropsy on every death for a period of six 
months in 1978. This had the effect of increasing the necropsy rate 
from 30% to 65%. This increase was associated with an increase in 
the rate of confirmation of the main diagnosis to 85% (131/154) from 
56% (182/326) in these units. Confirmation of the cause of death was 
also higher, 58% (90/154) vs. 18% (60/326). In 121 of the 154 cases 
in 1978, the clinician was certain about the diagnosis, but the 
necropsy demonstrated this certainty to be unfounded in 10% (12) of 
these. 

Clark (1981) reviewed 1076 autopsy records during 1974 to 1978, 
at the National Naval Medical Center, a teaching hospital with an 
87% autopsy rate. 9% of these had significant autopsy findings not 
suspected clinically. 8 patients were stated to have unsuspected 
tumours (2 of the lung) and 2 to have tumours where the 
classification was changed following autopsy. The paper does not 
provide data on the numbers of patients with tumours reported 
clinically or at autopsy. 

Thurlbeck (1981) compared clinical and autopsy diagnoses for 
200 patients autopsied at a teaching hospital In Winnipeg in 1978 
and 1979. The two sets of diagnoses were compared as regards the 
major underlying disease, the cause of death, and significant 
incidental pulmonary findings. There were minor disagreements for 
the major underlying disease in 12% of cases and major disagreements 
in a further 12%. In only three cases was it considered that 
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different management might have affected the outcome had the correct 
diagnosis been made during life. There were disagreements as 
regards the cause of death in 36% of cases, and in 10% of cases the 
outcome might have been different had the clinical diagnosis been 
accurate. Major incidental pulmonary findings diagnosed clinically 
were confirmed in 79% of cases and major pulmonary findings 
diagnosed at autopsy had been recognized clinically in 83%. No 
results are cited for lung cancer. 

Wheeler (1982) from the University of North Carolina cited 
results of a study involving 286 cases in which 11% showed a 
significant discrepancy between ante-mortem and post-mortem 
diagnoses. 

Goldman et £l (1983) analyzed 100 randomly selected autopsies 
from each of the years 1960, 1970 and 1980 at a teaching hospital in 
Boston. Autopsy rates at these three time points were 75%, 71% and 
38%. Autopsies revealed major missed diagnoses for which treatment 
might have resulted in prolongation of survival in 8% of patients in 
I960, 12% in 1970 and 11% in 1980. Major missed diagnoses for which 
treatment would not have been changed were seen in a further 14%, 
11% and 10% of patients at the 3 time points. Tumours formed only 9 
of these missed diagnoses, 5 in I960, and 2 each in 1970 and 1980. 
The authors concluded that "advances in diagnostic technology have 
not reduced the value of the autopsy" and that "our findings suggest 
that the current very low autopsy rate in many hospitals is 
inappropriate and that the autopsy will continue to uncover many 
shortcomings in both medical and surgical diagnoses". 
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Scottolini and Weinstein (1983) compared clinical and autopsy 
diagnosis for 100 adult patients dying at the Kaiser Foundation 
Hospital, Honolulu in 1979-1982. In 24% the cause of death did not 
occur in the clinical diagnosis, while in 13% major clinical 
diagnoses were not confirmed. 

Friederici and Sebastian (1984) reviewed the charts and autopsy 
reports of 2537 patients coming to autopsy in 1973-1982 at a 
hospital in Illinois. In 244 (10%) of patients, the primary disease 
as diagnosed at autopsy had not been recognized before death. In 
228 (22%) of 1019 patients dying of cancer, the primary site of the 
malignant neoplasm was not known before autopsy. In almost half of 
these (10%) it was not realized that the patient had a cancer at 
all. Data were not presented on individual types of cancer. 

Gambino (1984), over the period 1978-1982, routinely reviewed 
all clinical data on 428 patients undergoing autopsy at St Luke's 
Hospital in New York City before the results of the autopsies were 
known. No problem was disclosed in 52.6% (225) and in 21.7% (93) 
there was clarification of a complex case. In 15.6% (67) diagnoses 
were either missed or made erroneously. In 8.6% (37) If the correct 
diagnosis had been known during life, the treatment and management / 
of the patient could have been more appropriate and possibly life 
saving, and in 1.4% (6) the cases posed major research problems. 

Gibinski ££ fil (1985) compared clinical and autopsy diagnosis 
in 73 patients autopsied at the Silesian Medical School, Katowice, 
Poland in 1979-1983. A total of 217 diagnoses were made, 147 (68%) 
confirmed at autopsy, 22 (10%) of those made clinically were not 

confirmed at autopsy, and 48 (22%) were not detected clinically. 
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They note that in an earlier study conducted in 1964-1975 the rate 
of correct diagnoses was much lower but rose from 29 to 40% during 
those 12 years. 

Schned (1986) compared clinical and necropsy diagnosis 
for 111 autopsies conducted in White River Junction Veterans 
Administration Medical Center, Vermont in 1983. There was a major 
disagreement in diagnosis, with a significant impact on therapy or 
outcome in 14 cases (13%). In a further 10 (9%) cases, major 
unsuspected diagnoses were uncovered, but deemed not significant 
enough to have altered the major therapeutic thrust. The authors 
outline a comprehensive procedure for quality assessment of their 
autopsy service. 

Stevanovic et al (1986) retrospectively reviewed the findings 
from 2145 autopsies performed during 1981 to 1984 at the Institute 
of Pathology at Belgrade University and compared them with the 
clinical diagnoses. The clinical diagnoses were considered to be 
completely correct in 48% (1030) of autopsies, partially correct 
(when one of the principal or secondary diagnoses or the Immediate 
cause of death was missed) In 14% (312), and incorrect or erroneous 
(when missed diagnoses were of major clinical importance, with 
direct impact on survival) in 29% (618). A further 9% (185) were 
unclassified, since the diagnoses had been recorded by the 
clinicians as probable, uncertain, or open to question. Malignant 
tumours were found in 525 patients. In 99% of which they were the 
principal disease. In 58% (307) of these the malignancy had been 
correctly diagnosed, in 25% (131) the tumour had not been suspected 
clinically, in 10% (54) the tumour suspected clinically differed 
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from that recorded at autopsy, in 6% (30) what was thought to he the 
primary site of the malignant neoplasm was found to be a metastatic 
site, and in 1% (3) only metastases were found at autopsy. The 
authors noted that the diagnostic inaccuracy had significantly 
increased between 1981, when over 20% autopsies had been carried 
out, and 1982-84 when the rate had dropped to around 10%. They 
attributed this difference "to the fact that by recommending mostly 
problem cases for autopsy, clinicians are actually referring the 
cases in which they err the most often, thereby increasing the 
percentage of incorrect diagnoses". 

Battle fit fil (1987) (the list of authors included Anderson) 
applied Anderson's (1984) method for categorizing clinical/necropsy 
discrepancies into four classes (see section 2.2) in a study of 2067 
autopsies collected during 1984 from 32 US university and community 
hospitals, with an average autopsy rate of 29.6%. Based on all 6203 
diagnoses, 7.0% were classified as class 1, 10.8% as class 2, 11.9% 
as class 3 and 11.1% as class 4. Overall a class 1 discrepancy was 
seen in 13.2% of autopsies, with a class 2 discrepancy seen in a 
further 20.6%, and class 3 and 4 discrepancies seen in a further 
15.6% and 10.5% of autopsies. Discrepancy rates were noted to be 
higher for community than university hospitals, for smaller than 
larger hospitals, for university hospitals with lower than higher 
autopsy rates, for older than younger patients, and for females 
than males. No results were given specific to neoplasms. 

Landefeld fit al (1988) reviewed clinical diagnoses for 233 
autopsies occurring in 1984-1985 at a university teaching hospital 
and a community hospital in Massachusetts. At autopsy 11% (26) 
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treatable and 14% (33) untreatable major unexpected findings were 
found. Cancer was identified as a major autopsy diagnosis in 57 
cases, being missed clinically in 2. 

Following an earlier study in Bergen in 1975 (Hartveit, 1977 - 
see section 2*9) comparing clinical and necropsy diagnosis for 742 
autopsies, Karwinski and Hartveit (1989) compared diagnoses for a 
further 833 autopsies that had been performed during 1984. Agreement 
was noted on the cause of death in the later sample in 737 cases 
(88%). For neoplasia, agreement was reached in 330 cases, with 20 
false positive and 16 false negative diagnoses. The authors noted 
that there had been a substantial increase between 1975 and 1984 in 
the certainty the clinicians attached to their diagnoses, due almost 
exclusively to an increase in the certainty of the diagnosis of 
circulatory disease. "Unfortunately, this was not justified as the 
numbers of false positive and false negative diagnoses were high in 
both years." 

Based on a sample of agricultural workers in Hungary first 
examined in 1964-66 when they were aged 60 or older, Karolyi and 
Karolyi (1991) compared necropsy records for the 144 persons who had 
died with death certificates made by attending physicians and by 
doc tor-coroners. The paper was concerned with differences in 
distribution of causes of death as recorded in the 3 ways and did 
not give information on numbers of errors. Neoplasms were 
considered to be the underlying cause of death at necropsy in 25 
subjects, by the attending physician in 22 and by the doctor-coroner 
in 37. 
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Modelmog &1 (1992) describe results from a study carried out 
in 1987 in Goerlitz, in former East Germany, which was unique in 
/ that virtually everyone who died in the municipality in the year, 
1023 out of 1060 (96.5%), was autopsied. The authors describe a 
comparison of underlying cause of death, as determined at autopsy, 
with that determined from the death certificate, which had been 
completed prior to knowledge of the autopsy findings. Of the 1023 
deaths, there was complete agreement as regards three digit ICD 
code from the two sources in 540 (53%), minor disagreement 

(different three digit code, but same broad category) in 180 (18%) 
and major disagreement (different broad category) in 303 (29%). 
Neoplasms were seen in 222 autopsies. For these the clinical 
diagnosis was correct as to site in 138 (62%), correct as to tumour 
but incorrect as to site of primary neoplasm (three digit code) in 
40 (18%), with the tumour not being detected clinically in 44 (20%) . 
There were a further 21 false positive diagnoses. The authors note 
their high rates of clinical misdiagnosis may be because of the high 
proportion of deaths occurring in nursing homes and among the very 
old in their population. 

3.2 Studies specifically men tioning lung cancer 
3.2.1 before World War II 

Wells (1923) investigated 3712 necropsies, mainly for the 
period 1917-1922, from Cook County Hospital and the University of 
Chicago. Among these there were 545 cases of malignant disease. 
33% (178) of these had not been recognized as malignant tumours at 
all. Apart from the 367 cases correctly recognized as malignant 
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tumours, there were an additional 33 cases diagnosed clinically but 
not £ound at necropsy. The proportions of internal tumours seen at 
autopsy thajf were not recognized clinically (37.1%) was much higher 
than the corresponding proportion of external tumours. It should be 
noted that to the 178 cancers not recognized should be added a 
substantial additional number (from partial data provided one can 
estimate about 70) where the site of the malignancy was incorrectly 
diagnosed. Wells provides data on accuracy of diagnosis of the more 
commonly occurring sites. Of 11 lung cancers only 1 was correctly 
diagnosed clinically. In 2 cases, the diagnosis was of an 
intrathoracic tumour, in 4 pulmonary tuberculosis and in 2 
pneumonia. 


A 


Wells (1923) cites results from three earlier studies: 

(i) Reichelmann reported 711 carcinoma cases among a total of 7790 

necropsies conducted in Berlin in 1895-1901. 22% (156) were 

not recognized as malignant diseases (regardless of site or 
tumour type) clinically, while 58 were diagnosed as cancer 
clinically when this condition was not present. 

(ii) Hofmann, based on hospital statistics in Keil, showed an 
addition of 19.6% to the cancer figure through necropsy. 

(iii) Bashford reported 835 cancers found in autopsies conducted in 

London hospitals. 22% (152) had not been recognized as 

malignant disease at all clinically, while 31 had been 
incorrectly diagnosed as cancer clinically. 

Hruby and Sweany (1933) aggregate data from numerous autopsy 
studies conducted between 1897 and 1930, involving 1355 lung cancers 
among a total of 185,434 autopsies. They note quite a steady change 
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in the percentage of lung cancers among all autopsies over the 
period, rising from an average of 0*3% in the first five years 
(1897-1901) to an average of 1.5% in the last five years 
(1926-1930). 

Rigdon and Kirchoff (1961), in a historical review, note "that 
the problem of diagnosis of lung cancer was frequently discussed 
after 1834. By 1930 a marked improvement in the percentage of 
correct diagnoses had occurred; it was thought to be about 50 per 
cent correct in the practice of the better physicians, clinics and 
hospitals". They noted that the number of correct diagnoses had 
been reported by Ferenzy and Matalusy to be "5 per cent from 1896 to 
1900, 28.4 per cent from 1917 to 1925, and 50 per cent in 1925". 
From the context it appears that the percentages refer to numbers 
diagnosed clinically as a proportion of numbers seen at autopsy. 

Rosenblatt e_t (1971a) cite Sehrt (1904) as reporting that, 
at the turn of the century, out of 178 cases of lung cancer seen at 
autopsy only 6 (3.4%) were reported clinically. 

Swartout (1934) compared clinical and post-mortem diagnosis of 
1805 patients autopsied at New Haven Hospital during the period 1922 
to 1933. Of the total number t: 89.5% (1615) were correctly diagnosed 
before death. For respiratory cancer, 20 out of 26 (77%) were 
correctly diagnosed. 

In a further study, Swartout and Webster (1940) compared 
clinical and post-mortem diagnoses of 8080 patients autopsied at Los 
Angeles County General Hospital in 1933 to 1937. Overall 78.8% 
(6365) were correctly diagnosed before death. For respiratory 
cancer, 71 out of 99 (72%) were correctly diagnosed. 
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3.2.2 Later studies 

Pohlen and Emerson (1942) collected records from ten general 
hospitals of 4051 autopsied cases in which either in the report on 
autopsy findings, or a clinical statement of cause of death, or 
admission to hospital diagnosis, some form of malignant or 
unspecified tumour was mentioned. Among these cases were 3462 in 
which the autopsy report showed some form of malignancy as primary 
cause of death, and 271 cases in which the malignant tumour, 
usually in a very early stage, caused no clinical symptoms and was 
Incidentally discovered in the course of the autopsy as a 
contributory condition. Of the 3462 cases, 2311 were correctly 
diagnosed clinically as to the existence, nature and site of the 
tumour. Of 321 lung cancers found to cause death at autopsy, 200 
were correctly diagnosed clinically and 134 were also correctly 
diagnosed at admission to hospital. There were in addition 24 lung 
cancers considered at autopsy to be contributory causes of death, 
and 12 diagnosed clinically that were not confirmed at autopsy. 
Metastases were seen in the case of 81% of the primary lung cancers, 
and the authors present data about the frequency of involvement of 
the various sites. Further tabulations are given in Pohlen and 
Emerson (1943) , ; though these contain no additional information for 



lung cancer. 

Munck (1952) reviewed the clinical diagnoses relating to 1000 
autopsies from the Municipal Hospitals and the Radium Centre in 
Aarhus. Sixty seven cases had an “incorrect diagnosis'* (the 
principal disease having not been diagnosed at all), 49 had an 
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" inadequate diagnosis" (there being an essential disagreement 
between the clinical diagnosis and the autopsy findings) and 87 had 
an "almost correct diagnosis” (the principal disease but not its 
exact localization having been recognized clinically, or vice 
versa). Thus 203 (20.3%) of the 1000 clinical diagnoses that were 
not correct. In 33 of the 67 cases with an incorrect diagnosis the 
patient died during the first week after admission. For each 
specific cancer type (and for various other diseases) Munck presents 
data on the number found at autopsy, the number of these not 
diagnosed clinically and the number with a clinical diagnosis that 
was not confirmed at autopsy. For lung cancer these numbers were, 
respectively, 20, 6 and 2. 

O'Neal et al (1957) carried out various analyses based on all 
8183 patients from Barnes Hospital autopsied in the Department of 
Pathology at Washington University during the years 1910 to 1954. 
The sections of patients with a diagnosis of carcinoma of the lung 
were re-examined and the tumours histologically typed. After 
the elimination of 14 cases reclassified as not being lung cancer. 
301 patients with lung cancer remained. The number of lung cancers, 
as a proportion of total autopsies, rose from 0.7% in 1910-1919 to 
5.4% in 1945-54, the rise being more evident in men than in women. 
A correct clinical diagnosis had not been made on 7 (10%) of the 68 
patients with lung cancer autopsied prior to 1940 and on 40 (17%) of 
the 233 patients autopsied after 1940. Of these 47 patients, 32 had 
been suspected (ff having a malignant tumour but not of the lung. 

Waaler and Grirastvedt (1958) studied 4104 autopsies occurring 
in Bergen, Norway during the period 1946-1955 and compared the 
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findings with the clinical diagnoses. Of 783 cases of malignant 
disease seen at autopsy v the clinical diagnosis had been correct in 
492; in a further 82 cases clinical diagnoses had been "doubtful" 
i.e. two or more possible sites of the primary tumour had been 
discussed but no decision had been taken. 147 were wrongly 
diagnosed as regards site or presence of tumour; in 49 the 
malignant tumour found had produced no symptoms or signs and was not 
the reason for the death (i.e. it was an "incidental finding"), and 
in 13 the primary site was not identified at autopsy. Of 68 cases of 
cancer of the lung diagnosed at autopsy, the clinical diagnoses were 
classed as "correct" in 33, "doubtful" in 10, "wrong" in 22 and as 
an "incidental finding"in 3. 

Gwynne (1965) based an investigation on 1657 necropsies 
conducted in various New Zealand hospitals between 1953 and 1964. A 
total of 447 cancers were discovered among 436 individuals, with 
cancer of the bronchus being most frequent at 72 cases. Of these 
72, 46 were diagnosed correctly clinically, and 26 were diagnosed 
incorrectly. For 4 of the latter the primary site had been 
incorrectly diagnosed, for 7 a malignancy had been diagnosed but 
the primary site had been considered unknown before autopsy, and 
for 15 no malignancy had been diagnosed. In 19 of the necropsies, 
malignancy had been diagnosed clinically when none was found at 
necropsy. Two of these were misdiagnosed as lung cancer. 

Heasman and Lipworth (1966) describe a study involving 75 
hospitals in England and Wales in 1959. For every patient dying 
during a 6 month period, a dummy death certificate was completed by 
a clinician who had been in close clinical contact with the case. 
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Then (provided that the relative agreed) an autopsy was carried out 
and a second death certificate completed from the resultant 
findings. In practice only 65% of autopsies were conducted, the 
percentage varying from 30 to 100% In Individual hospitals. However, 
the study provided data for 9501 autopsies and the authors were able 
to prepare voluminous tables on the numbers of clinical/autopsy 
disagreements of various types. There are 227 cases where the 
autopsy and clinical diagnosis agreed that the underlying cause of 
death was primary lung cancer. There were also 190 cases where 
primary lung cancer was only reported as the underlying cause at 
autopsy, and 111 where a clinical diagnosis was unconfirmed by 
autopsy. Of the 111 “false positives", 48 were cases where the 
pathologist could not confirm whether the lung cancer was primary or 
secondary, 22 were diagnosed as other neoplasms at autopsy, and 40 
were diagnosed as other conditions. Of the 190 "false negatives", 
51 were cases where the clinician did not specify whether the lung 
cancer was primary or secondary, 4 where a lung neoplasm was 
reported but malignancy was unspecified, with 72 considered by the 
clinician to be neoplasms of other sites and 62 other conditions. 
In one of these 190 cases the clinician and pathologist differed on 
the fourth digit of the ICO. The total number of malignant neoplasms 
of all sites shown as the underlying cause of death was similar in 
the certificates completed ante-mortem (2281) and post-mortem 
(2376) , but in only 60% of the Individual cases considered by the 
clinician to have died of malignant disease was the pathologist in 
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full agreement as to both the cause and anatomical site. In roughly 
half of the remainder the death was certified after autopsy to a 
malignant condition of another site. 

In discussion Heasman and Lipworth note that "it is not 
disputed that a large part of the increase in recorded mortality 
from cancer of the lung has resulted from Improved diagnosis. These 
data show that there is still considerable room for further 
improvement, and it is conceivable that this sort of investigation 
might be repeated and an estimate obtained of how much of the 
increase has been spurious". They refer to earlier studies, e.g. 
Gilliam (1955), which made efforts to make allowances for the amount 
of under diagnosis, and which made the assumption that the 
misdiagnosis arose from other respiratory diseases. "There is 
little doubt that this was to a certain extent true in the past, 
but it is certainly not true now ..... the misdiagnosis occurs 
firstly with other cancer sites and secondly with cerebro- and 
cardio-vascular lesions". 

Takeda and Kobayashi (1967) extracted cancer cases from a total 
of 71,922 autopsy cases (15,006 for 1948-1952 and 56,916 for 
1958-1962) obtained from all universities and large hospitals in 
Japan, and compared the autopsy with the clinical diagnosis. During 
the first period, of 345 cases of lung cancer seen at autopsy, 
48.1% (166) had been missed. For the seven major cancers considered 
combined, 41.1% (963/2343) had been missed. There were no data for 
this period on cases of lung cancer diagnosed clinically which 
turned out not to be lung cancer on autopsy. During the second 
period, the rate of missed cases was somewhat lower. For the eight 
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major cancers considered combined, 3888 (31*9%) out of 12,180 seen 
at autopsy had been missed, and an additional 1840 cases diagnosed 
clinically were not confirmed at autopsy* For lung cancer, 788 
(34.6%) out of 2276 autopsy cases were missed clinically and there 
were an additional 305 cases diagnosed clinically but not found at 
autopsy. The paper gives the detailed distribution of the other 
cancers which were misdiagnosed as lung cancer. (N.B. In this study 
the overall number of cases of specific cancers diagnosed clinically 
but not found at autopsy will be underestimated, since the authors 
restricted attention only to cases where a cancer had been seen at 
autopsy.) 

Willis (1967) investigated 1000 consecutive necropsies carried 
out at the Alfred Hospital, Melbourne between 1936 and 1944 in which 
either a clinical diagnosis of malignant disease had been made or 
malignant disease was discovered post mortem. The 1000 necropsies 
comprised 943 actual cases of cancer and 57 cases which had been 
wrongly diagnosed clinically as cancer. Of the 943 actual cases, 296 
had been wrongly diagnosed, 126 as not having cancer at all and 170 
as having cancer but the primary site incorrect or unspecified. 
There were 71 lung cancers proven by autopsy, of which 28 had been 
wrongly diagnosed, 13 as not cancer and 15 as cancer of a different 
or unspecified site. There were also 9 cases where a clinical 
diagnosis of lung cancer was disproved, 4 where some other primary 
tumour was seen at necropsy and 5 where no malignant tumour of any 
site was found. 

Rosenblatt et al (1971a) surveyed patients who died in the 
Doctors 9 Hospital, New York between 1960 and 1969. Where autopsies 
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were carried out the "discharge" diagnoses were compared with 
autopsy diagnoses. There were 1072 cases in which the primary cause 
of death was certified as some type of malignancy on the basis of 
clinical diagnosis. Of these, 118 (11.0%) were classified as 
cancer of the lung. Of 455 autopsies in which the final diagnosis 
was some type of malignancy, 25 (5.5%) were classified as lung 
cancer. Of the 118 cases certified clinically, 56 were autopsied, 
and in 25 of these cases (45%) the diagnosis was confirmed, the 
remaining 31 being diagnosed as a tumour of another (or unknown) 
site. The rate of confirmation of the clinical diagnosis is very 
much lower than reported by other studies. No cases of lung cancer 
were found at autopsy that had not been diagnosed clinically. This 
again contrasts markedly with the results of other studies. 

Rosenblatt £t al (1971b) extended the study described in 
Rosenblatt e£ £l (1971a) up to 1971, and considered all autopsies, 
totalling 1000. Of 139 cases of lung cancer certified clinically, 
61 were autopsied and in 27 the diagnosis was confirmed. Again, in 
contrast to other studies, no cases of lung cancer were found at 
autopsy that had not been diagnosed clinically. 

Bauer and Robbins (1972) reviewed the clinical diagnoses 
corresponding to those for 2734 autopsies (conducted at the Boston 
City Hospital, between 1955 and 1965) which had disclosed cancer. 
Of the total of 3008 cancers seen at autopsy, 797 (26.5%) were not 
diagnosed clinically. Of 446 lung cancers, 121 were unsuspected 
clinically and 98 misdiagnosed. Of this total of 219 (49.1%) of 
incorrect diagnoses, 163 of the 219 were fatal cancers. Bauer and 
Robbins also presented similar data for the 25 types of malignancy 
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found at autopsy. Among the total of 2091 deaths from cancer, 327 
(15.6%) were undiagnosed and 367 (17.6%) incorrectly diagnosed. The 
authors compared their findings with those of Wells (1923) and 
concluded that "our study indicates that accurate clinical diagnosis 
of cancer in municipal hospitals is as much a problem today as they 
were a half-century ago". 

400 deaths occurred during 1970-71 in the Medical Department of 
Serafimerlasarettet in Stockholm, of which 383 were autopsied. 
Britton (1974a,b) compared diagnoses made by the same clinicians 
before and after autopsy. Overall the main cause of death diagnosed 
clinically was confirmed as correct in 57% of cases and as erroneous 
in 30%, it not having been possible to make a definite diagnosis 
ante-mortem in the remaining 13%. Of the 113 errors, 28 were 
considered major, 25 intermediate and 60 minor. Clinical diagnoses 
of neoplasms were found to be erroneous less often than the 
diagnoses of some other groups of diseases. Of 50 cases of cancer 
diagnosed clinically, 48 were confirmed at autopsy, with a further 
11 cases seen at autopsy not detected clinically. Of 10 cases of 
lung cancer diagnosed clinically, 9 were confirmed at autopsy, with 
a further 7 cases seen at autopsy that had not been detected 
clinically (3 of these latter being considered clinically to be 
cancer of other sites, and 4 not to be cancers). The author reported 
not being able to find anv previous studies where diagnosis was made 
before and after autopsy and where all causes of death were dealt 
with, though the study of Heasman and Lipworth (1966) would seem to 
be such a study. 
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Ehrllch et al (1975) studied 1212 consecutive autopsies of 
patients who died at the Chaim Sheba Medical Centre in Tel Hashomer, 
Israel, selecting out for review all with a diagnosis of malignant 
neoplasm either on the post autopsy record or on the pre autopsy 

request form. Clinical diagnosis of cancer was confirmed in 226 

cases, though in 30 there was a discrepancy in the site. There were 
also 43 cases where the clinical diagnosis was unconfirmed and 28 
where the cancer was reported only at autopsy. The false positive 
and false negative rate increased substantially with age. Of 34 
cases of lung cancer, 7 were thought clinically not to have cancer 
at all, with a further 2 thought to have cancer of another site. 
Five cases diagnosed as lung cancer clinically were not confirmed at 
autopsy. 

Hartveit (1977) describes results of a study conducted in 

Bergen in Norway in 1975 in which, for each of 742 autopsies, the 

clinician had provided a diagnosis, together with an opinion as to 
whether he was certain or uncertain of the diagnosis, and whether he 
considered an autopsy to be essential or desirable. In 19% of the 
404 cases where the diagnoses was considered certain, the 
post-mortem diagnosis differed from the clinical diagnosis. In 35% 
of the 338 cases where the diagnosis was considered uncertain, a 
difference was seen. Differences in this context were based on the 
17 main diagnostic groups of the 8th revision of ICD. For 
neoplasia, there was agreement in 173 cases, with 25 false positive 
clinical diagnoses and 29 false negative diagnoses. For lung 
cancer, agreement was reached in 39 cases, with 4 false positives, 
and 10 false negatives. The author points out that "lung cancer is 
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still underdiagnosed, being the most frequent primary site to elude 
clinical diagnosis". He also suggests that "the idea of selection 
of cases for autopsy should be replaced by selection of autopsies 
for microscopic investigation on the basis of the macroscopic 
post-mortem findings, and that "clinicians might profitably attend 
autopsies on patients in their sphere of interest that were not 
admitted under their care". 

Waldron and Vickerstaff (1977) carried out a survey in the West 
Midlands and Trent regions of the UK along the lines of the earlier 
study of Heasman and Lipworth (1966) . The underlying cause of death 
was coded for 1117 decedents based (i) on clinical data obtained 
before post-mortem, and (ii) on the post-mortem examination. In 
531 cases there was complete agreement as to the underlying cause of 
death, in 295 there was partial agreement (the underlying cause of 
death clinically appeared on the post-mortem report but not as the 
underlying cause of death), and in 291 there was disagreement (the 
underlying cause of death clinically did not appear at all on the 
post-mortem report). For 244 ante-mortem diagnoses of malignant 
neoplasms, there were 116 showing complete agreement, 68 partial 
agreement, and 60 disagreement. The likelihood of ante-mortem and 
post-mortem diagnoses agreeing diminished with age and with reduced 
confidence by the clinicians in their initial diagnoses. Of 48 
cases where lung cancer was considered to be the cause of death 
ante-mortem, 37 (77.1%) were confirmed by autopsy. There were also 
19 cases where lung cancer was considered to be the cause of death 
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at autopsy where another cancer had been considered the cause of 
death ante-mortem. The number where a disease other than cancer had 
been considered the case ante-mortem is not given. 

Hartveit (1979) describes results of a second study in Bergen, 
this time conducted in 1976 and 1977. The subjects considered 
include 471 where cancer was considered the cause of death at 
autopsy and 31 (6.6%) where a clinical diagnosis of cancer as the 
cause of death was not upheld at post-mortem. Of the 471 cases seen 
at autopsy 337 (72%) had a clinical diagnosis agreeing as to the 
site (ICD A-list), 23% (111) had a clinical diagnosis of cancer but 
with a differing site, and 27 (5%) were considered not to be cancer 
clinically. Lung cancer was the most common cancer seen at autopsy, 
with 106 cases. Seventy one (67%) of these were correctly diagnosed 
clinically, with a further 30 (28%) being diagnosed as cancer but 
not of the lung, and 5 as not cancer. A further 5 cases diagnosed 
clinically were not confirmed at post-mortem. 

Cechner et al (1980) described a study based on 14,074 
autopsies carried out during the period 1948 to 1973 in the 
University Hospitals of Cleveland, Ohio (where a total of 21,990 
deaths had occurred) . Among the autopsied decedents there were 490 
cases of lung cancer diagnosed clinically or pathologically, of 
which 415 (85%) were analysed in detail, the clinical records of the 
remainder being lost or incomplete. The 415 were divided into 260 
(63%) accurate (primary lung cancer found both at autopsy and 
clinically), 117 (28%) false negative (found at autopsy only) and 
38 (9%) false positive (clinical diagnosis unconfirmed). Of the 117 
false negatives, 82 could have been detected clinically with 
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existing methods, 31 were theoretically detectable and 4 were due 
to inaccurate judgement based on the data collected. Of the 38 
false positives, 15 were classified due to inaccurate judgement, 
with the remaining 23 considered difficult to diagnose clinically. 
Cechner ££ found that the proportion of all cases found at 
autopsy for which smoking was reported was similar in cases found at 
autopsy as in those diagnosed clinically. However, the smoking data 
were extracted from hospital notes and were irregular and 
non-specific* There was a large proportion of patients with no 
information on smoking in the notes. 

Sandritter et (1980) compared autopsy and clinical findings 
in 1096 patients necropsied at the Medical and Surgical Clinics of 
Freiburg University, where the autopsy rate was 64%. The clinical 
diagnoses proved to be correct in 36.1% (395), nearly correct in 
45.2% (496), inadequate in 16.1% (177), and false in 2.6% (28). Most 
of the falsely diagnosed patients had stayed in the hospital for a 
only a very short time compared with the rest of the patients. Of 
324 malignant tumours seen at autopsy, 52 were clinically 
undiagnosed, and there were a further 18 falsely diagnosed 
clinically. Of 69 lung cancers seen at autopsy, 60 were clinically 
diagnosed or suspected. 

Cameron and McGoogan (1981a,b) followed the procedures of 
Heasman and Lipworth (1966) in a study conducted in the South 
Lothian District of Scotland in 1975-1977. For 1152 deaths in which 
an autopsy had been carried out, dummy death certificates were 
completed for both the clinical and autopsy diagnosis. Of the 1152 
cases, the underlying cause of death as determined clinically was 
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confirmed in 703 (61%). Even where the clinician was fairly certain 
or certain about the diagnosis the confirmation rate was only 75% 
(402/539) , Of 320 cases in which neoplastic disease was considered 
to be the underlying cause at autopsy, 109 (34%) were not 
anticipated clinically and there were a further 113 (35%) cases 
where the clinical diagnosis was not confirmed. Of 134 cases of 
lung cancer diagnosed at autopsy, only 88 (66%)were detected 
clinically. There were also a further 15 cases considered to be 
lung cancer on clinical diagnosis, but disproved at autopsy. Data 
are also presented for a wide range of other cancers and other 
diseases. 

Gobbato et al (1982) reviewed the clinical diagnosis of 1405 
patients who died at the General Hospital of Trieste in 1974 or in 
1978 and who had a malignant neoplasm shown at autopsy. In 761 
cases (54%) the clinical diagnosis described the site of the tumour 
correctly, in 267 (19%) the tumour was clinically suspected,, and in 
377 (27%) it was neither diagnosed nor suspected. Corresponding 
percentages for lung tumours were 63%, 16% and 21%. 

Asnaes ££ si (1983), based on 266 deaths in 1974 in a Danish 
hospital in which autopsies were performed (85% of 312 consecutive 
deaths) compared cause of death as determined from clinical material 
only with that determined following autopsy. Based on a broad 
classification, the clinician's diagnosis was confirmed as incorrect 
in 18% of cases. This ignored differences in site and type of 
malignant tumour. Bronchogenic carcinoma was diagnosed in 16 cases 
both at autopsy and at clinical diagnosis. There were also three 
individuals diagnosed only at autopsy as having bronchogenic 
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carcinoma and one diagnosed as having alveolar cell carcinoma, but 
none where a clinical diagnosis was not confirmed at autopsy. In 
their introduction Asnaes &£ *1 (1983) note that "many studies have 
shown that the cause of death will be stated erroneously in about 
one third of all cases if only the clinical Information is 
considered". 

Goldman (1984) reviewed some of the studies correlating 
clinical and autopsy findings over the period 1912-1980. Citing 
results from 13 studies in a tabulation, the percentage of cases 
with missed major diagnoses with clinical relevance averaged 8.3% 
per study, with no evidence of a decline over the period. He notes 
that "the autopsy's unvarying percentage yield does not indicate a 
lack of progress, however, since bacterial pneumonia, hepatic 
cirrhosis, and common tumours were missed routinely in earlier eras 
but were rarely missed after 1970". He emphasizes the recent 
emergence of various infections rarely noted In prior eras as 
counterbalancing the improvements noted, and considers that 
"progress in diagnosis and treatment may allow patients to live 
longer and new or obscure diseases may develop that will often be 
missed clinically", and that a "high autopsy rate will be required 
if medical progress is to continue". 

McFarlane ££ (1986) conducted a study at the Yale-New Haven 
Hospital between 1971 and 1982 based on 153 necropsies in which 
primary lung cancer was found. They collected information from the 
hospital records on whether the lung cancer was diagnosed during 
life, whether primary symptoms were present, the extent of the 
patient's disease at the time of diagnosis and whether the patient 
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smoked and, if so, how many cigarettes per day. The study showed 
that the probability of a lung cancer being diagnosed during life 
was significantly higher if symptoms were present and if the lung 
cancer was anatomically widespread. The study also showed that the 
probability was significantly higher if the patient was a smoker, 
particularly a heavy smoker. Thus the proportion of cases 
undiagnosed before necropsy were 16% (13/79) for heavy smokers, 30% 
(12/40) for moderate smokers, and 57% (12/21) for non smokers. The 
increased probability of the diagnosis being made in smokers, as 
the authors note "suggests that smokers receive preferential 
consideration regarding the diagnosis of lung cancer". They 
conclude that "this detection bias can have adverse scientific 
consequences in depriving non-smokers of suitable therapy, in 
leading to falsely high estimates of the true magnitude of the 
smoking/lung cancer association, and in distracting etiologlc 
attention from other agents that may cause lung cancer". The data 
presented allow one to estimate approximately the bias in the 
smoking/lung cancer relationship due to using clinical diagnoses. 
Thus if one wished to estimate the heavy smoking/non-smoking 
relative risk, a clinical study based on the cases diagnosed would 
observe a ratio of 66:9 deaths, instead of the true (autopsy-based) 
relative risk of 79:21, thus overestimating relative risk by a 
factor of 1.95. The authors present a table showing an odds ratio 
of 6.8 comparing heavy smokers and non smokers, but this is an 
estimate of relative odds of diagnosis and not of the extent to 
which the smoking/lung cancer relative risk is overestimated by 
misdiagnosis. 
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Mollo et si (1986) selected a series of 970 cases with a 
clinical and/or post-mortem diagnosis of neoplastic disease as an 
underlying cause of death from autopsies performed in Turin between 
1973 and 1981. There were 551 cases in which the clinical diagnosis 
was completely correct, 162 where the malignancy had been missed 
clinically, 78 where a malignancy reported clinically had not been 
seen at autopsy, and 179 where the clinical diagnosis had wrongly 
given the primary site of the malignancy. 99 cases of lung cancer 
were reported clinically of which 27 proved to be false positives. 
In addition there were a further 62 cases seen only at autopsy. 

For 592 autopsies carried out at Leeds General Infirmary in 
1985, Reid et al (1987) compared the clinical and autopsy diagnoses. 
All the diagnoses seen for each patient were entered on specially 
designed forms, with the clinical diagnoses (usually entered before 
the start of the autopsy) separated into functional abnormalities, 
which are not directly verifiable at autopsy, and morphological 
abnormalities, which could be directly compared with the autopsy 
diagnoses. Overall there were 432 morphological diagnoses for which 
the autopsy and clinical findings agreed, 168 where a clinical 
finding was not confirmed ("overdiagnoses"), and 492 where an 
autopsy finding had not been reported clinically ("underdiagnoses"). 
For neoplasms, there were 55 agreements (though 4 differed as to 
site), 18 overdiagnoses and 28 underdiagnoses. For lung cancer, 
there were 11 agreements, 4 overdiagnoses and 9 underdiagnoses. 

Grundmann and Menke (1991) compared autopsy and clinical 
diagnosis based on 4688 deaths aged 15+ autopsied in the Institute 
of Pathology of Mdnster University during the 10 years 1961-1970, 
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and 7028 autopsied during 1978-87. For the first of these decades, 
34% of clinical diagnoses were absolutely correct, 15% were nearly 
correct (i.e. diagnosis widened with regard to minor details), 24% 
were "supplemented" (i.e. diagnosis widened with regard to essential 
details, but irrelevant to therapy or prognosis) and 23% were 
manifestly wrong. An additional 4% fell into other minor categories 
(e.g. main autopsy diagnosis mentioned as a side diagnosis 
clinically). During the second decade, 50% were correct, 15% 
nearly correct, 15% supplemented and 18% false, with 2% in other 
categories. The reduction in completely wrong diagnoses was 
statistically significant. For malignant neoplasms, improvements 
in diagnostic accuracy were also seen, with diagnoses correct in 37% 
and incorrect in 26% in 1961-1970, and correct in 47% and incorrect 
in 15% in 1978-1987. Of 247 lung cancers diagnosed clinically in 
1961-1970, 191 (77%) were confirmed at autopsy and 56 (23%) were 
not. For the 432 lung cancers diagnosed in 1978-1987, 350 (81%) 
were confirmed and 82 (19%) were not. No results were presented for 
diagnoses seen at autopsy only. 

Rossi £t (1991) compared clinical and autopsy diagnosis for 
110 randomly selected autopsies performed in the University of 
Ferrara, Italy, in 1983-1987. Overall there was agreement as 
regards diagnosis of the primary disease in 81% of cases and of the 
cause of death in 58% of cases. Of 33 neoplasms diagnosed at 
autopsy, 4 were missed clinically, and there were a further 4 false 
positives. Of 17 neoplasms considered to cause death at autopsy, 3 
were missed clinically, and there were a further 7 false positives. 
For patients dying of lung cancer it was noted that there were 3 
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cases where there was total agreement between autopsy and clinical 
diagnosis as to the site and metastases, 5 where there was partial 
agreement in which only the primary site or only the metastases had 
been diagnosed clinically, 1 false positive diagnosis, 1 false 
negative diagnosis and 1 unexpected diagnosis, revealed by chance at 
autopsy. (How this differs from a false negative diagnosis is 
unclear.) 

Table 2 gives a summary of the main findings for lung cancer 
from the studies considered in this section showing the number of 
patients for which the lung cancer was confirmed, the number where 
it was seen at autopsy only and the number where the clinical 
diagnosis was not confirmed. Two rates are calculated, the 
proportion of positive autopsy diagnoses for which no lung cancer 
was reported clinically (false negative rate) and the proportion of 
clinical diagnoses for which no lung cancer was reported at autopsy 
(false positive rate). Also given is the factor by which the 
overall number of lung cancers, as estimated clinically, would 
have to be multiplied to obtain numbers as observed at autopsy 
(underestimation factor). For some studies the two rates and this 
factor cannot all be estimated, and in one study (Rossi et al . 
1991), which has been omitted from the Table, none of the data 
could be estimated because of inadequate description of what has 
been done. Studies are listed in chronological order of reporting. 

It can be seen that with the striking exception of the study of 
Rosenblatt, whose findings bear no resemblance to anyone else's, the 
false negative rate typically substantially exceeds the false 
positive rate, though even that is quite large in some studies. The 
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